Flower resource and land management drives hoverfly communities and bee abundance in seminatural and agricultural grasslands by James, Bull et al.
 Cronfa -  Swansea University Open Access Repository
   
_____________________________________________________________
   
This is an author produced version of a paper published in:
Ecology and Evolution
                                    
   





Lucas, A., Bull, J., de Vere, N., Neyland, P. & Forman, D. (2017).  Flower resource and land management drives













This item is brought to you by Swansea University. Any person downloading material is agreeing to abide by the terms
of the repository licence. Copies of full text items may be used or reproduced in any format or medium, without prior
permission for personal research or study, educational or non-commercial purposes only. The copyright for any work
remains with the original author unless otherwise specified. The full-text must not be sold in any format or medium
without the formal permission of the copyright holder.
 
Permission for multiple reproductions should be obtained from the original author.
 




 Ecology and Evolution. 2017;7:8073–8086.	 	 	 | 	8073www.ecolevol.org
 
Received:	30	September	2016  |  Revised:	25	June	2017  |  Accepted:	3	July	2017
DOI: 10.1002/ece3.3303
O R I G I N A L  R E S E A R C H
Flower resource and land management drives hoverfly 
communities and bee abundance in seminatural and 
agricultural grasslands









































pollinator	 feeding	 resource,	 as	well	 as	maintain	 plant	 communities.	 Retaining	water-
logged	ground	may	enhance	the	number	of	hoverflies	with	semiaquatic	larvae.
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1  | INTRODUCTION
Pollination	by	insects	is	a	key	ecosystem	service	for	both	agriculture	
and	 natural	 systems	 (Gill	 et	al.,	 2016;	 Klein	 et	al.,	 2007;	Vanbergen	






















Girard,	 Chagnon,	 &	 Fournier,	 2014;	 Prodorutti	 &	 Frilli,	 2008)	 and	
wild	 plant	 species	 (Brown	 &	 McNeil,	 2009;	 Forup,	 Henson,	 Craze,	
&	 Memmott,	 2008;	 Ollerton,	Winfree,	 &	 Tarrant,	 2011).	 Individual	
hoverflies	may	not	be	as	effective	pollinators	as	bees,	although	 this	
is	 compensated	 to	 some	 degree	 by	 population	 numbers	 (Jauker,	
Bondarenko,	Becker,	&	Steffan-	Dewenter,	2012),	and	in	some	cases,	
the	pollination	service	they	provide	can	be	complementary	to	that	of	




2017),	 compared	 to	 27	Bombus	 species	 and	 247	 other	 bee	 species	
(Falk	&	Lewington,	2015).	Although	hoverfly	communities	are	known	





























land	 community	 as	 a	 consequence	 of	 agricultural	 intensification,	
and	 differences	 in	 plant	 community	 caused	 by	 variation	 in	 soil	
moisture.	 How	 does	 this	 response	 compare	 to	 two	 bee	 genera,	
Bombus	 and	 Lasioglossum?	 Since	 plant	 community	 richness	 has	
been	 shown	 to	 affect	 a	 number	 of	 invertebrate	 taxa	 (Schaffers,	
Raemakers,	 Sykora,	 &	 Ter	 Braak,	 2008),	 we	 would	 predict	 that	
pollinator	 communities	 will	 be	 more	 abundant	 and	 species-rich	




distinctive	 mouthparts	 compared	 to	 bees	 that	 influence	 which	






2  | MATERIALS AND METHODS
2.1 | Site selection
Site	selection	was	based	on	National	Vegetation	Classification	(NVC)	





•	 MG5	Cynosurus cristatus—Centaurea nigra	grassland	(hereafter	“dry	




•	 M24	 Molinia caerulea—Cirsium dissectum	 fen-meadow	 (“marshy	
grassland”,	MG).	A	 species-rich	 community	 found	on	moist	 peaty	




•	 MG6	 Lolium perenne—Cynosurus cristatus	 grassland	 (“improved	
dry	 grassland”,	 IDG).	 A	 grass-dominated	 community	 that	 is	 the	
major	 permanent	 agricultural	 pasture	 in	 lowland	 Britain.	 These	
grasslands	may	be	 grazed	by	 cattle,	 sheep	or	 horses,	 or	 cut	 for	
silage/hay.
•	 MG10	 Juncus effusus—Holcus lanatus	 rush—pasture	 (“improved	
marshy	grassland”,	 IMG).	A	grass	and	 rush	dominated	community	
developing	 on	 permanently	 moist	 agriculturally	 improved	 grass-
lands.	Grasslands	of	this	type	are	used	for	grazing	cattle,	sheep,	or	
horses.
Sites	 ranged	 in	size	 from	0.4	ha	 (site	MG1)	 to	6.9	ha	 (site	 IDG3)	
(see	Table	S1),	 and	were	classified	using	existing	survey	 information	
(Stevens	 &	Mockridge,	 2004),	 or	 by	 recording	 three	 standard	 NVC	
2	×	2	m	quadrats	 in	order	to	assign	the	grasslands	to	an	appropriate	

























































































































































































































































































































































































































































































































































































































































































































     |  8077LUCAS et AL.
flowers	 attracting	 insects.	 The	distance	20	m	was	 selected	because	
it	was	the	maximum	distance	that	a	sample	location	could	be	placed	
from	a	hedgerow	on	the	smallest	sample	site.


























All	 flowers	were	 counted	on	 the	plants	within	 each	 sample	 lo-
cation.	 For	 the	Apiaceae,	 a	 single	 inflorescence	was	 regarded	 as	 a	
floral	unit.	For	Narthecium ossifragum	L.,	Rhinanthus minor	L.,	Calluna 
vulgaris	 L.,	 and	 Orchidaceae	 species,	 a	 single	 flowering	 spike	 was	






periods	was	calculated	 to	give	a	 “mean	 flower	unit	 score”	 for	each	
site.	The	mean	number	of	plant	species	producing	flowers	between	
the	 two	time	period	was	also	calculated	 to	give	a	 “mean	flowering	










temperature,	were	not	 included	as	 the	 sites	were	 located	 relatively	
close	together	(Fig.	1).
2.5 | Statistical analysis
Data	 from	all	 pan	 traps	were	 combined	 to	give	one	 result	 for	 each	
sample	site,	as	the	close	proximity	of	the	traps	meant	that	the	samples	
were	not	independent.
We	 calculated	 the	 number	 of	 hoverfly	 individuals	 (abundance),	
hoverfly	 species	 (species	 richness),	 and	 the	 hoverfly	 Shannon	
Diversity	 Score	 H	 for	 each	 site	 (Table	1).	 Hoverflies	 of	 the	 genus	
Sphaerophoria,	which	can	only	be	identified	to	species	in	males,	were	
grouped	as	one	category	 “Sphaerophoria	 spp”.	For	 the	Bombus	 spe-
cies,	 430	 individuals	 (99%)	were	 identified	 to	 six	 common	 species	
(B. hortorum	L., B. lapidarius	L., B. lucorum	L., B. pratorum	L., B. pascuo-
rum	Scopoli,	and	B. terrestris	L.).	With	so	little	species	diversity,	and	
the	potential	presence	of	the	cryptic	species	B. cryptarum	(Fabricius)	
and	B. magnus	 (Vogt),	all	Bombus	 species	were	pooled	each	site,	 to	







not	 conform	 to	 a	 normal	 distribution,	 differences	between	 the	 four	




To	 investigate	 the	 influence	 of	 feeding	 resource	 availability	 on	
hoverfly	 abundance	 and	 species	 richness,	 generalized	 linear	 mod-
eling	using	a	Poisson	distribution	and	a	 log	 link	function	was	under-
taken.	We	accounted	for	overdispersion	by	employing	a	quasipoisson	
model	where	 appropriate.	 Poisson	models	were	 assessed	using	 chi-	
squared	 tests,	 quasipoisson	 using	 F	 tests.	 The	 response	 variable	
comprised	count	data	(abundance	or	richness),	with	natural	logarithm-	
transformed	 floral	 unit	 scores	 (transformed	 as	 maximum	 floral	 unit	




















Among	 hoverflies,	 Eristalis	 species	 were	 the	 most	 frequent	





factors	were	not	used	 in	 subsequent	modeling	 (Altitude:	H(3)	=	6.56	






3.1 | Are there differences in hoverfly diversity and 
abundance, and bee abundance, between grassland 
types?
No	 significant	 differences	 were	 observed	 in	 hoverfly	 abundance,	
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3.2 | Are hoverfly abundance and species 
richness, and bee abundance, influenced by flower 
resource and soil moisture?










ΔAIC	=	7.24.	 Hoverfly	 species	 richness	 ΔAIC	=	9.27.	 Lasioglossum 
abundance,	ΔAIC	=	10.15.	Bombus	abundance,	ΔAIC	=	2.83).






improvement,	 and	 soil	moisture	was	assessed	by	 stepwise	deletion	
using	F	 tests	 (Table	2).	 In	all	cases,	the	best	fitting	model	showed	a	
statistically	 significant	 increase	 in	 pollinators	 with	 increasing	mean	
floral	 unit	 score	 in	 unimproved	 grassland	 (Table	3).	 However,	 this	
was	not	found	in	agriculturally	improved	grassland	(Table	3).	Hoverfly	
abundance,	 hoverfly	 species	 richness,	 and	 Bombus	 bee	 abundance	
were	 not	 significantly	 affected	 by	mean	 floral	 unit	 score,	 whereas	
Lasioglossum	 bee	 species	 abundance	 significantly	 decreased	 with	













A	 Monte	 Carlo	 significance	 test	 with	 1,000	 runs	 showed	 that	
axis	1	(broadly	defined	by	nitrogen,	N	and	mean	number	of	flowering	
species)	was	significant	 in	explaining	 the	variance	of	 the	data,	while	
axis	2	was	not	significant	(Axis	1	Eigen	values	=	0.269,	mean	=	0.168,	
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maximum	=	0.303,	 minimum	=	0.076,	 p	=	.015;	 Axis	 2	 Eigen	 val-
ues	=	0.093,	 mean	=	0.095,	 maximum	=	0.162,	 minimum	=	0.047,	
p	=	.510).
The	 marshy	 grassland	 and	 improved	 marshy	 grassland	 showed	
within-	group	clustering	on	axis	1,	suggesting	a	consistent	community	




Common	 hoverfly	 species	with	 semiaquatic	 larvae	 (Eristalis	 spe-




Hoverfly abundance Hoverfly species richness
F p F p
FS	×	I	×	M 0.761 .400 0.095 .763
I	×	M 0.292 .598 0.047 .832
FS	×	M 4.124 .062 1.495 .242
M 0.815 .381 9.277 .008
FS	×	I 5.960 .027 10.75 .005
Lasioglossum abundance Bombus abundance
F p F p
FS	×	I	×	M 0.569 .465 0.595 .455
I	×	M 2.185 .163 0.169 .687
FS	×	M 0.691 .420 0.330 .575
M 1.821 .197 0.900 .358













−0.160 0.102 1.571 .137
Lasioglossum 
abundance
−0.686 0.133 5.162 <.001
Bombus 
abundance








0.274 0.105 2.601 .020
Lasioglossum 
abundance
1.253 0.223 5.612 <.001
Bombus 
abundance
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commonly	occurring	in	wet	pastures	(Platycheirus granditarsus	Forster)	
were	 associated	 with	 marshy	 grassland	 (Fig.	5),	 having	 low	 values	
on	 axis	 1.	 By	 contrast,	 Rhingia campestris,	 whose	 larvae	 use	 cow	
dung,	and	Episyrphus balteatus	De	Greer,	Eupeodes corollae	Fabricius,	
Sphaerophoria	 species,	 Melanostoma mellinum	 L.,	 and	 Platycheirus 
















grassland”	 IMG	 and	 “marshy	 grassland”	MG).	 This	was	 unexpected,	
given	 the	 evidence	 that	 diverse	 plant	 communities	 support	 equally	
diverse	 invertebrate	 communities	 (Schaffers	 et	al.,	 2008;	 Senapathi	
et	al.,	 2015).	 Diverse	 grasslands	 offer	 more	 consistent	 foraging	 re-
sources	 to	 all	 pollinator	 guilds,	 which	 can	 enhance	 the	 stability	 of	
pollination	services	 (Garibaldi	et	al.,	2011;	Ockinger	&	Smith,	2007).	
However,	 the	 results	 of	 this	 study	 suggest	 that	 plant	 community	
alone	 cannot	 be	 used	 as	 a	 surrogate	 for	 the	 associated	 pollinator	
assemblage.
4.2 | Hoverflies, flower resource, and soil moisture
Increasing	 the	 flower	 resource,	 and	 therefore	 the	 feeding	 opportu-
nities	 for	 adult	 hoverflies,	 increased	 both	 hoverfly	 abundance	 and	
species	richness.	This	effect	was	only	detected	on	unimproved	grass-
lands,	and	the	absence	of	this	effect	on	improved	grasslands	may	be	






number	of	very	small	 flowers,	with	 relatively	 low	nectar	production	











bees,	 which	 were	 both	 more	 abundant	 at	 sites	 with	 higher	 flower	


















2015;	 Jönsson	 et	al.,	 2015;	 Power	 &	 Stout,	 2011).	 Soil	 moisture	
F I G U R E  5 Canonical correspondence analysis biplot of hoverfly 
species assessed using pan traps during 2011 at four grassland 
habitats, using mean flower score, mean number of flowering 
species (“Flower species”), and mean plant Ellenberg values for F 
(moisture) and N (nitrogen) as environmental variables. For clarity, 
species with an abundance less than 1% of the total for all sites have 
been omitted
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level	did	not	influence	hoverfly	abundance,	species	richness,	or	bee	
abundance.
4.3 | Hoverfly community structure and 
grassland type
The	results	of	the	CCA	showed	that	axis	1,	broadly	associated	with	
environmental	 variable	 N	 and	 mean	 number	 of	 flowering	 species	




There	 appears	 to	 be	 a	 consistent	 community	 of	 hoverflies	 as-
sociated	with	 both	 marshy	 grasslands	 and,	 to	 a	 lesser	 extent,	 im-
proved	 marshy	 grasslands.	 Dry	 grassland	 sites	 also	 show	 some	
degree	of	 clustering	on	 axis	 1	 (Fig.	4).	Hoverflies	with	 semiaquatic	






the	wider	 plant	 community.	 In	 contrast,	 the	 hoverfly	 assemblages	
in	 dry	 grasslands	were	more	variable	 in	 species	 composition	 com-
pared	 to	marshy	 grasslands	 and	 included	 species	with	 carnivorous	
larval	 stages	 (Melanostoma mellinum,	 Eupeodes corollae	 Fabricius, 











Improved	 dry	 grassland	 hoverfly	 communities	 showed	 relatively	





of	 improved	dry	grasslands	might	 reflect	more	 species-	rich	hoverfly	
communities,	 although	 probably	 at	 lower	 levels	 of	 abundance.	That	
the	hoverfly	communities	of	these	floristically	impoverished	habitats	
vary	among	each	other,	and	have	an	unpredictable	element,	suggests	
that	 there	 is	 no	 consistent	 “spill-	over”	 into	 improved	dry	 grasslands	









common	British	 agricultural	 species	 are	 now	 available	 (Baude	 et	al.,	
2016).	Unfortunately,	the	data	does	not	include	the	umbellifer	Carum 
verticillatum,	 a	common	plant	 in	our	study	 found	 in	seminatural	and	
even	some	improved	marshy	grasslands	in	west	Wales.	However,	in-
tegrating	 flower	abundance	and	nectar	 resource	 is	 likely	 to	 improve	
the	 ability	 of	models	 to	 predict	 hoverfly	 communities	 compared	 to	
flower	unit	 data.	 Similarly,	 using	pan	 traps	 is	 a	 simple	 and	effective	








do	 reduce	 the	 sampling	bias	associated	with	hand	netting	 (Spafford	






strated	 to	have	an	 impact	on	pollinator	populations	at	 specific	 sites	









butterflies,	 and	grasshoppers	 (Koch	et	al.,	2013).	Plant	 communities	
have	been	frequently	used	as	a	method	of	selecting	sites	for	nature	
conservation	 designations,	 both	 at	 a	British	 and	 at	 European	 levels	











groups,	 including	 dung	 beetles,	 (Verdu	 et	al.,	 2007),	 butterflies,	 and	
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grasshoppers	 (Jerrentrup,	Wrage-	Monnig,	Rover,	&	 Isselstein,	2014).	
Similar	moderate	grazing	 regimes	have	been	shown	to	be	beneficial	
for	 pollinator	 communities	 (Vanbergen	 et	al.,	 2014)	 and	 specifically	
hoverflies	(Hudewenz	et	al.,	2012;	Lazaro,	Tscheulin,	Devalez,	Nakas,	



















ecosystem	 service,	 by	 providing	 pollinators	 to	 crops	 on	 adjacent	
land	 (Garibaldi	 et	al.,	 2011),	 facilitating	 additional	 functions	 that	







lows	a	 sufficient	 flower	 resource	 for	 feeding.	Grasslands	 that	may	
have	been	subject	to	agricultural	improvement	can	still	be	of	some	
value	to	hoverflies	if	management	becomes	less	intensive,	allowing	
more	 forbs	 with	 accessible	 food	 resources	 to	 flower	 (Hudewenz	
et	al.,	 2012;	Orford,	Murray,	Vaughan,	&	Memmott,	2016).	Finally,	
and	critically,	management	for	varied	hoverfly	communities	must	in-
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